We examined mechanisms through which social relationships influence quality of life (QOL) in breast cancer survivors. This study included 3,139 women from the Pathways Study who were diagnosed with breast cancer from 2006 to 2011 and provided data on social networks (the presence of a spouse or intimate partner, religious/social ties, volunteering, and numbers of close friends and relatives), social support (tangible support, emotional/informational support, affection, positive social interaction), and QOL, measured by the FACT-B, approximately 2 months post diagnosis. We used logistic models to evaluate associations between social network size, social support, and lower versus higher than median QOL scores. We further stratified by stage at diagnosis and treatment. In multivariate-adjusted analyses, women who were characterized as socially isolated had significantly lower FACT-B (OR = 2.18, 95 % CI: 1.72-2.77), physical well-being (WB) (OR = 1.61, 95 % CI: 1.27-2.03), functional WB (OR = 2.08, 95 % CI: 1.65-2.63), social WB (OR = 3.46, 95 % CI: 2.73-4.39), and emotional WB (OR = 1.67, 95 % CI: 1.33-2.11) scores and higher breast cancer symptoms (OR = 1.48, 95 % CI:
Introduction
Social networks are defined as the web of social relationships that surround an individual [1] . The most commonly examined aspect of social networks with regard to breast cancer outcomes has been social network size, i.e., the number of network members. Previous studies have found that larger networks (i.e., greater social integration) are associated with better survival [2] [3] [4] [5] [6] [7] and better quality of life (QOL) after breast cancer. In the Nurses' Health Study of 708 women diagnosed with any stage breast cancer, Michael and colleagues found that socially integrated women had better health-related QOL after diagnosis [8] . However, they did not evaluate possible mechanisms of this association. Most previous studies have focused on associations between social support and QOL outcomes, particularly emotional QOL [9] [10] [11] [12] , without separately considering the influence of social networks on outcomes. Moreover, most previous studies were small, and many have not evaluated associations with physical QOL.
Surprisingly, little work has evaluated what aspects of social networks are critical in prolonging survival or improving QOL outcomes after breast cancer diagnosis. Despite this absence of research, social support interventions have been frequently used for breast cancer survivors; these have mostly involved peer support groups of other survivors which are designed to provide social-emotional support, the emotionally sustaining quality of a relationship, to participants. However, while some interventions have improved QOL [13] , others have diminished it [14, 15] , and none has improved survival [13] [14] [15] [16] [17] . Adverse outcomes may reflect a lack of prior knowledge about relationships in women's naturally occurring networks [15] , lack of attention to the differing needs of women by disease severity, and lack of knowledge about mechanisms and how social relationships might improve post-diagnosis outcomes. Work is needed which evaluates what aspects of social connection influence breast cancer outcomes.
Therefore, in a prospective cohort study of 3,139 women diagnosed with invasive breast cancer, we evaluated associations between social networks (the presence of a spouse or intimate partner, number of close friends and relatives, volunteer participation, and religious/social participation), social support mechanisms, and QOL outcomes. We hypothesized that larger social networks, particularly larger networks of ''close'' friends and relatives, would be related to better QOL in women diagnosed with breast cancer. We also hypothesized that emotional/ informational support would predict and mediate associations of social networks and social and emotional QOL scores, consistent with results that social-emotional support can help with social and emotional well-being, but that tangible support would predict and mediate associations with physical, breast, and functional QOL measures, a hypothesis suggested by Kroenke et al. [4] .
Methods

Study population
The Pathways Study is a prospective cohort study designed to assess the effects of lifestyle and molecular factors on breast cancer recurrence and mortality. Women with invasive breast cancer have been recruited from the Kaiser Permanente Northern California (KPNC) patient population since January 2006. Details have been previously reported [18] . Briefly, cases are ascertained rapidly by scanning of electronic pathology reports. Eligibility criteria for the study include current KPNC membership, being at least 21 years of age at diagnosis, and having a first primary invasive breast cancer with no prior history of cancer other than non-melanoma skin cancer. Participants must speak English, Spanish, Cantonese, or Mandarin and reside within a 65-mile radius of a field interviewer. Passive consent was obtained from the patient's physician of record to contact the patient for study recruitment. Written informed consent was obtained from all participants. The study was approved by all Institutional Review Boards.
Recruitment is ongoing. As of September 30, 2011, 3,566 patients were enrolled. We excluded women with incomplete information on social network members (described below) (N = 259), social support variables (N = 58), and QOL (N = 110). We considered excluding women who were missing data on stage and treatment (e.g., chemotherapy, radiation, hormonal). However, there was no qualitative difference in associations including or excluding these women, so we retained them in the analysis. Our final sample included 3,139 women.
Women excluded from the analysis were less likely to have a college education (44 vs. 49 %) or receive lumpectomy (47 vs. 54 %) and were more likely to have a comorbid condition (16 vs. 10 %), but they did not differ on stage at diagnosis or other variables characterizing disease severity, treatment, or lifestyle (e.g., physical activity, smoking, body mass index). The mean time from pathology-confirmed diagnosis to baseline interview was 2.01 months (SD 0.73).
Data collection
Clinical data
Data on the number of positive lymph nodes, the American Joint Committee on Cancer stage, breast surgery (lumpectomy, mastectomy), chemotherapy, and radiation therapy were obtained from the KPNC Cancer Registry (KPNCCR) [19] . Data are collected, coded, and added to the KPNCCR *4 months post diagnosis to allow for the completion of treatment. Breast surgery and radiation therapy data were also supplemented by other KPNC electronic data sources. Information on adjuvant hormonal therapy was abstracted from outpatient pharmacy records.
Social networks
Social networks included four components: a spouse or intimate partner, the number of close friends and relatives, religious/social ties, and community ties. Women were asked, ''What is your current marital status? (married, divorced, living as married, separated, widowed, or never married).'' Women were also asked, ''How many close friends and relatives do you have?'' and women were allowed to provide a number. Questions regarding community and religious/social ties were derived from an adapted version of the Arizona Activity Frequency Questionnaire (AAFQ) [20] . As a measure of community ties, women were asked, ''Did you do weekly volunteer work in the past year? (yes, no).'' As a proxy measure of religious participation, women were asked, ''On average, how often did you attend religious, social or service club meetings, sporting events, concerts, movies or shows?'' Response options to these questions included (1) never or\1 time per month, (2) 1-3 times per month, (3) 1-2 times per week, (4) 3-5 times per week, and (5) more than five times per week. Because this question included both religious and social participation, this will be denoted religious/social participation throughout.
The creation of the social networks variable was based on the Berkman-Syme Social Network Index (B-SNI) [21] , including similar network members. Moreover, as with the B-SNI, we weighted close friends and relatives more heavily than other components in the computation of the score. However, because we did not have information on frequency of contact for friends and relatives, the score does not reflect this dimension. Social network size was computed as the sum of (1) being married or having an intimate partner, (2) any religious/social participation, (3) any community participation, and (4) quartile of numbers of close friends and relatives. From this, we generated three categories representing women who were defined to be socially isolated, moderately integrated, and socially integrated. In previous work [4] , the most socially isolated women included *10 % of the sample. To ensure sufficient power and since the scoring did not enable selection of the 10 % most isolated, we defined the 15 % with the smallest networks as ''socially isolated'' and generated the other two categories by dividing women by median network size. Analyses of tertiles did not produce qualitatively different results.
Social support
We used the 19-item Medical Outcomes Study (MOS) Social Support Survey, a multidimensional social support survey developed for patients with chronic conditions, to assess perceived social support, including emotional/informational support, tangible support, positive social interaction, and affectionate support [22] . Each woman was asked how true each statement was during the past 7 days for items including, for example, whether she had ''someone you can count on to listen to you when you need to talk'' (emotional/ informational support), ''someone to help with daily chores if you were sick'' (tangible support), ''someone to have a good time with'' (positive social interaction), or ''someone who shows you love and affection'' (affectionate support). Responses ranged from ''none of the time'' to ''all of the time.'' The reliability for each of the subscales and overall index was excellent (Cronbach's alpha 0.89-0.96) in our sample. Using factor analysis (SAS PROC FACTOR), with orthogonal rotation, we confirmed the factor structure in these data reported by Sherbourne [22] (data not shown).
QOL
We used the Functional Assessment of Cancer TherapyBreast Cancer (FACT-B) Version 3, an instrument designed to measure multidimensional QOL in breast cancer patients, to assess QOL at the baseline interview and 24 month follow-up [23] . The FACT-B includes 36 statements asking respondents to rate how true each statement is for the last 7 days including, for example, ''One or both of my arms are swollen or tender'' (BCS), ''I have pain'' (PWB), ''I get emotional support from my family'' (SWB), ''I worry about dying'' (EWB), and ''I am able to work (include the work at home)'' (FWB). Responses range from 0 (not at all) to 4 (very much). Five subscales were derived from those statements: physical well-being (PWB, Cronbach's alpha = 0.86), functional well-being (FWB, Cronbach's alpha = 0.84), emotional well-being (EWB, Cronbach's alpha = 0.77), social/family well-being (SWB, Cronbach's alpha = 0.72), and breast cancer-specific concerns (BCS, Cronbach's alpha = 0.64). The TOI-PFB physical function score was computed by summing the PWB, BCS (reversed), and FWB subscales (Cronbach's alpha = 0.89). A general score was calculated by summing all subscales except the BCS (FACT-G, Cronbach's alpha = 0.91); the total FACT-B score was calculated by including BCS (reversed) in the sum (Cronbach's alpha = 0.90). Thus, the summary scores (FACT-B, FACT-G, and TOI-PFB) are made up of five scales (BCS, PWB, SWB, EWB, and FWB) describing symptoms related to breast cancer and levels of well-being. The instrument has been extensively validated in different race/ethnic groups and languages.
To enable computation of risk of adverse outcomes, we dichotomized QOL outcomes as higher versus lower than median levels of each of these variables and specified adverse outcomes as lower than median levels of the outcome (reversed for BCS).
Covariates
Data on socio-demographics (race/ethnicity, education, marital status, household income), weight, height, and lifestyle (smoking, physical activity) were collected by trained staff who conducted in-home interviews.
Body mass index (BMI) was computed from selfreported height and weight and missing values were supplemented by concurrent data from KPNC electronic data sources. Physical activity in MET (metabolic equivalent)- hours/week was assessed from the AAFQ [20] . For precancer comorbidity, we abstracted common conditions by ICD-9 codes from the electronic data sources and used these data to calculate the Charlson comorbidity index [24] . Based on the distribution of comorbidity scores, we dichotomized scores as 0-1 versus two or more. Smoking was assessed as current, past, or never. We employed covariates based on a priori considerations of factors well known to be related to QOL and breast cancer outcomes after diagnosis.
Statistical analyses
Using analysis of covariance, we regressed potential confounding variables against categories of social network size adjusted for continuous age.
Analyses of social networks and outcomes
We used logistic regression (PROC LOGISTIC) to evaluate associations between level of social integration and the risk of having lower than median levels of QOL scores. We also used linear regression to evaluate associations of categories of social network members with linear QOL scores. Linear QOL scores and subscores were approximately normal and thus transformation was unnecessary. We conducted tests for linear trend using continuous variables and computing Wald statistics. Results adjusted for age and months between diagnosis and baseline social assessment were compared with those adjusted for multiple covariates. We considered several covariates thought a priori to be important predictors of QOL which might confound associations based upon previous literature, etc. We also evaluated associations between specific social network members and QOL scores.
Analyses of social support mechanisms
We wanted to examine social support mechanisms through which social networks may influence QOL outcomes in breast cancer survivors. Therefore, we evaluated the models described above, adjusting additionally and simultaneously for tertiles (approximate) of the four MOS social support subcomponents, to see if associations of social networks with QOL outcomes were attenuated and to further evaluate independent associations of social support types with QOL outcomes. We were also interested in examining if certain types of social support were more important for QOL outcomes, depending on whether women had early-or late-stage disease and whether they were undergoing treatments known to affect QOL in the short term. Thus, we conducted stratified analyses by stage at diagnosis [early (in situ, localized, and regional with lymph nodes only) vs. late (regional, distant, metastases, or systemic)] and by treatment with chemotherapy (yes vs. no), adjusted simultaneously for social networks and social support.
Results
Baseline characteristics
Women with larger social networks had higher education and income and a healthier lifestyle with higher levels of physical activity, lower BMI, and a lower likelihood of current smoking. However, social network size was unrelated to reproductive factors, cancer stage, or treatment. As would be expected, given that social networks were defined by these variables, women with larger social networks were more likely to be married, have a living parent, have greater numbers of siblings and children, and engage in religious/social participation and volunteering. These women were also more likely to report providing caregiving ( Table 1 ). The Spearman correlation between the MOS social support variable and social network size was r = 0.37, p \ 0.001.
Social networks and QOL
Women who were socially isolated were significantly more likely to have lower than median QOL scores in both minimally and multiply adjusted models (minimally adjusted models and multivariate-adjusted models I, Table 2 ) than women who were socially integrated ( Table 2) . Each social network member significantly predicted QOL scores (Table 3) . Having more close friends and relatives, in particular, was related to higher QOL (Table 3) .
For all QOL measures, adjusting for social support mechanisms attenuated associations of social networks and outcomes, but social networks were still related to several outcomes (multivariate-adjusted models II, Table 2 ).
Social support and QOL
For the FACT-B, the FACT-G, and SWB, each type of social support was significantly related to outcomes (Table 4) . For the other subscales, types of social support related differently to outcomes. Positive social interaction was significantly related to every QOL measure. Emotional/informational support was related to higher FWB, SWB, and EWB, as well as the summary scores. In contrast, higher tangible support was related to reduced odds of low PWB, SWB, FACT-B, and FACT-G scores.
Positive interaction appeared more helpful with PWB among women who were not receiving chemotherapy (p \ 0.001) versus those who were (p = 0.82, p-interaction = 0.04). Stratified by cancer stage, tangible support was more strongly related to physical QOL measures (i.e., TOI-PFB, BCS, PWB) in women with late-versus early-stage cancer (Table 5) 
Discussion
In this analysis of 3,139 breast cancer survivors, larger social networks were associated with higher QOL, consistent with our hypothesis and with previous results. Moreover, each type of social support was predictive of overall QOL. However, emotional/informational support, the most commonly considered benefit of social relationships, was related to higher social and emotional well-being only. Tangible support was important for physical outcomes, particularly among women with late-stage disease. By contrast, positive social interaction was related to all QOL domains. Interestingly, among women with late-stage cancer, affection appeared related to lower QOL. Neither emotional/informational support nor tangible support explained associations. In fact, significant associations of social network size and QOL outcomes, adjusted for types of social support, suggest that there are other important mechanisms through which naturally occurring networks influence QOL outcomes after a breast cancer diagnosis. These findings are the first to examine social support mechanisms in helping to understand why larger social networks are related to better QOL outcomes in breast cancer survivors. Little research has explored the association between social networks and QOL outcomes in survivors. Investigators employing social interventions have presumed that social-emotional support is the critical mechanism through which social relationships afford better outcomes. However, in these data, emotional/informational support predicted better psychologic but not physical QOL, suggesting that this type of support is not likely to mediate associations with physical health or survival.
Large social networks may increase the odds that women will have friends and family to rely on for instrumental daily activities (e.g., rides to the hospital, trips to the pharmacy, assistance with exercise, or provision of healthy meals [25, 26] ). Tangible support was important for some outcomes, most notably for physical and social well-being and was related in particular to the ability to meet family needs (data not shown). However, our findings suggested that tangible support was most important for QOL outcomes among women with late-stage cancer, suggesting that help with chores, trips to the doctor, etc., may be most beneficial to women who are coping with severe disease. The strongest associations were observed for ''positive interaction'' and QOL. Given that this dimension was defined by the availability of someone with whom to have fun, relax, and get one's mind off things for a while, it is possible that positive social interaction may enable women to forget for a while the distress of being a cancer patient, and the physiologic effects last beyond the actual interaction. In these data, of the four dimensions of social support, only positive social interaction was related to lower levels of nausea, pain, needed bed rest, and higher levels of energy (p B 0.01), suggesting QOL benefits of face-to-face interaction with people with whom a person can forget oneself. Research is needed to explore the relationship between social interaction and illness management.
Interestingly, among women with late-stage cancer, though positive social interaction improved QOL, high amounts of affection appeared to diminish QOL. Although speculative, these findings suggest that the physicality of affection might be problematic for women with late-stage disease or that the burdens of maintaining a brave front socially [27] by distancing loved ones and avoiding discussing the challenges of cancer with well-meaning friends, acquaintances, or even medical staff [28, 29] may become burdensome for women, which may reduce QOL [30] .
Though adjustment for social support mechanisms substantially attenuated associations of social networks with QOL, associations between social network size and QOL remained significant after adjustment for social support variables, suggesting that other important mechanisms through which social networks operate may influence outcomes. Future research should evaluate whether larger social networks improve QOL through lifestyle and related factors, such as diet, physical activity, and weight, which are related to breast cancer survival [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . However, in these data, adjustment for lifestyle factors had little effect on associations; social support mechanisms better explained associations between social networks and QOL. Other potential mechanisms to explore include effects on adherence to treatment and follow-up screening. Work is also needed to evaluate potential strategies by personality type, particularly the introversion-extroversion dimension, which is related to preferences regarding level of social connectedness. The greatest benefit of social interventions may or may not accrue to women who are least likely to participate; effective strategies may need to take personality into account.
A strength of the study was the ability to evaluate associations of social networks, social support, and QOL outcomes during the adjuvant treatment period, which may enable more accurate assessment of the effects of social relationships on outcomes compared with post-treatment assessment. Another strength was the capacity to evaluate different types of social support as well as both general and breast cancer-specific aspects of QOL. A limitation of the study included the measure of religious participation, which also included other types of activities. However, these activities also reflected social participation which was of interest here.
A concern is that social networks might be conflated with physical health. That is, women who are physically healthier may be more likely to participate socially. However, when we stratified by disease severity or by receipt of chemotherapy, associations were still apparent. Moreover, the positive association of tangible support with QOL in those with late-stage cancer is consistent with a positive influence of social relationships on outcomes independent of the ability to attend social events. Another limitation included the use of an unvalidated measure of social networks. However, we have used similar measures in other work [45, 46] and results for the individual network components and outcomes are consistent with previous results obtained using similar variables from the Berkman-Syme scale [4] .
In summary, larger social networks were related to higher QOL in women with breast cancer. Positive social interaction was the most important independent predictor and mediator of associations with QOL. Tangible support was a strong predictor of physical QOL in women with late-stage cancer. Significant associations of social network size and QOL, adjusted for social support, suggest that there are other mechanisms through which naturally occurring networks influence breast cancer outcomes. Work is needed which replicates and expands upon these findings. Nonetheless, these findings suggest that the most important points of leverage for social interventions in promoting QOL might focus on mechanisms besides social-emotional support and that effective social support interventions might be tailored to account for disease severity and treatment status.
